Background Recently, single-incision laparoscopic surgery (SILS) has been used for bariatric procedures, and this surgery is considered a type of minimally invasive surgery. When SILS is performed via the transumbilical route, the resultant abdominal wound is hidden and the cosmetic outcome is better. However, because of the small angle of manipulation and difficulty in liver traction, this technique is not used to perform complex bariatric surgery. In this prospective study, we used our novel technique, which involves the use of a liver-suspension tape and umbilicoplasty of an omega-shaped incision (omega umbilicoplasty), to perform laparoscopic bariatric surgery via the single-incision transumbilical (SITU) approach. We then assessed the safety and effectiveness of our surgical technique. 
Introduction
Laparoscopic surgery was introduced about 100 years ago, and the concept of minimally invasive surgery (MIS) has dramatically altered the field of surgery. In classic laparoscopic surgery, five to seven incisions are required for the placement of multiple trocars. Surgeons have attempted to reduce the number and size of incisions or to develop new operations that can be performed using natural orifice translumenal endoscopic surgery (NOTES), which is considered to be a landmark technique in MIS [1] . Since the introduction of NOTES in 2004, numerous reports have described surgical interventions that can be performed using this technique [2, 3] . While this technique has garnered the interest of surgeons worldwide, the procedures and instruments used in it are still in the preliminary stages of investigation. Recently, single-incision laparoscopic surgery (SILS) has been used in several operations, including various urological and upper gastrointestinal and lower gastrointestinal operations [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The cosmetic outcomes of SILS are expected to be better when the operation is performed through the umbilicus. This is because the surgical wound is hidden within the umbilicus, leaving no visible abdominal scars. Recently, a new product, the Covidien SILS™ Port (Connecticut, USA), has been developed for laparoscopic surgery. However, when this port is introduced through a 2.0-cm umbilical incision, <1.0 cm of free space is left between the cannulas and the manipulation of laparoscopic instruments is difficult because of crowding. Hence, the use of this port has been confined to simple procedures such as appendectomy and cholecystectomy. Furthermore, liver retraction, which is required during most bariatric surgeries to avoid the blocking of the surgical field by the liver, cannot be achieved with single-incision transumbilical (SITU) laparoscopic surgery. To extend the applicability of SILS to more advanced procedures, we developed a novel SITU laparoscopic surgery involving umbilicoplasty of an omega-shaped incision (hereafter, referred to as omega umbilicoplasty) and a liver-suspension tape (LST) and used this technique to perform different types of bariatric surgeries.
Materials and Methods
From December 2008, we started performing and developing SITU laparoscopic surgery in E-Da Hospital. The patients were fully informed about the procedures, and informed consent was obtained from them. A total of 40 morbidly obese patients were enrolled in this study, and until July 2009, a total of 40 SITU laparoscopic procedures were performed on these patients, including adjustable gastric band placement, sleeve gastrectomy, Roux-en-Y gastric bypass (RYGB), and RYGB with concomitant cholecystectomy. The surgical indications for bariatric surgery adhered to the 1991 National Institutes of Health consensus [14] . Concomitant cholecystectomy was performed if ultrasonographic evidence of gallstones was present. All procedures were performed using similar surgical techniques that involved omega umbilicoplasty and the use of LST. The time required for placing the LST and the total operation time, trocar to trocar, were recorded for all patients. Postoperative morphine use, length of hospitalization, and occurrence of complications were also recorded and analyzed (Table 1) .
Operative Technique
The patient was placed in the supine position with the arms extended laterally. An anesthesiologist induced general anesthesia and performed endotracheal intubation. For most operations, the surgeon stood on the right side of the patient and the assistant on the left. A 6-cm-long omega-shaped incision was made around the upper half of the umbilicus (Fig. 1a) . The incision was deepened to the linea alba after dissecting the subcutaneous fat, and a 12-or 15-mm Versaport plus V2 trocar (Covidien) was inserted into the arch of the omega-shaped incision after establishing pneumoperitoneum, produced by carbon dioxide insufflation at a pressure of 15 mmHg. A 10-mm-long, rigid, 30°video laparoscope was then inserted. Under direct visualization, two Versaport plus V2 trocars (sizes, 5 and 11 mm) with fixation cannulas (Covidien) were inserted through both arms of the omega incision (Fig. 1b) . We then inserted the LST into the peritoneal cavity. To prepare the LST, the length of the liver lobe was measured intraoperatively and a Jackson-Pratt drain tube was cut to the same length near the site of the drainage hole. Subsequently, 2-0 prolene sutures (monofilament polypropylene suture W8400; Ethicon) were inserted along the holes of the drain tube and the two needles attached to the sutures were retained for liver puncture (Fig. 2) . One needle was placed in a needle holder, inserted into the lateral edge of the left liver lobe, and brought out through the abdominal wall in the left upper quadrant; the other needle was inserted into the left liver lobe near the falciform ligament and then brought out through the abdominal wall in the right upper quadrant. The liver was then retracted to an appropriate position, and the sutures were suspended with clamps ( Fig. 2) . If one LST was not sufficient to suitably retract the liver, we used another LST. During the cholecystectomies, the right liver lobe was similarly retracted with the LST if the Calot triangle was difficult to visualize and if dissection without countertraction was tedious. The tape was inserted into the edge of the right liver lobe, and the liver was retracted upward and in the cephalic direction. After achieving the appropriate liver traction, we commenced the surgical procedure. For SITU-laparoscopic Roux-en-Y gastric bypass (LRYGB), we used laparoscopic linear staplers (Endo GIA™ Universal Staplers XL, Covidien) to divide the stomach and form a 25-cc gastric pouch and 2.5-cm-long gastrojejunostomy. Next, jejunojejunostomy was also performed with linear staplers. The gastrojejunostoma was closed by a hand-sewn technique, using the Endo Stitch™ suturing device. An adjustable gastric band (Ethicon) was used for the SITU-LAGBP procedure, performed with the pars flaccida method. A gastrogastric suture was performed using 2-0 Ethibond (Ethicon). After completing the procedure, the catheter was extracted from the 15-mm port, connected to the injection port, and fixed in the paraumbilical area. In the SITU-LSG procedure, devascularization of the greater curvature was started 5 cm away from the pylorus and continued till the angle of Hiss, using the AutoSonix™ Ultra Shears™ Long Instrument (Covidien). The Fr36 calibration tube was retained as a stent for vertical gastrectomy using Endo GIA. After the completion of the main operative procedure, the LST was removed and hemostasis was achieved by cauterization. All trocars were removed and the surgical specimens were extracted into a plastic bag via the 12-or 15-mm umbilical defect through which the trocars had been inserted. All the fascial defects were closed individually with 2-0 Vicryl sutures. Subsequently, an omega umbilicoplasty was performed such that the resultant wound was circular and hidden in the umbilicus (Fig. 3a-c) . The surgical wound was dressed. The patients were transferred to the postoperative recovery room and then to the ward, provided their immediate postoperative course was uneventful. The patients were permitted to drink water and were discharged early if they did not develop any complications. . The female-to-male ratio among the study patients was 32:8, and the mean patient age was 29 years. The most common comorbidity among the patients was hyperlipidemia (42.5%), followed by nonalcoholic steatohepatitis (NASH; 27.5%), hyperuricemia (20.0%), hypertension (17.5%), and type II diabetes mellitus (15.0%). Preoperative ultrasonography revealed the presence of gallstones in five patients (12.5%). One patient had bilateral osteoarthritis of the knees (2.5%; Table 2 ). Fig. 2 Design for the application of the LST used for liver retraction. We measured the length of the left liver lobe intraoperatively and then cut a Jackson-Pratt drain tube to the same length near the site of the drainage hole. We penetrated it with a 2-0 prolene suture (monofilament polypropylene suture W8400; Ethicon). The needles were retained at both sides for further liver puncture. The liver-retraction procedure: a One of the needles attached to the LST was inserted into the left edge of the liver and then brought out through the abdominal wall in the left upper quadrant. b The other needle attached to the tape was inserted into the left liver lobe near the falciform ligament and then brought out through the abdominal wall in the midline. The liver was retracted to an appropriate position and the sutures fixed with Kelly clamps. c The right liver lobe suspended for retraction The mean operation time in these bariatric surgeries was 93.4 min (range, 37-144 min). The mean operation time for the most complicated surgery in our study, SITU-LRYGB, was 101.2 min (range, 81-144 min). A total of 45 LSTs were used in the 40 patients: one each in 35 patients (87.5%) and two each in the remaining five patients. LSTs were required in all the bariatric procedures, and two LSTs each were required to retract the hypertrophic left liver lobes in two patients and to retract the right liver lobe in three patients who underwent cholecystectomy. The mean time required for the placement of one LST was 5 min 15 s (range, 1 min 41 s to 12 min).
In the 40 patients, all the procedures were completed successfully without the need to convert to traditional laparoscopic surgery or use additional trocars. Thirty-four patients (83.3%) were discharged within 24 h after the operation. The longest hospitalization period was 3 days, which was because the patient had postoperative fever.
We found that postoperative pain was indeed mild, and on an average, 2.5 (range, 0-6) morphine injections were required; moreover, six patients did not require morphine at all during the recovery stage. The mean wound satisfaction score at the third month after the procedures was 4.60 (range, 1-5). No major surgical complications occurred during follow-up, except the formation of wound seroma because of extensive subcutaneous dissection, which occurred in two patients (5%). Most patients were very satisfied with the cosmetic outcomes (Fig. 3d) .
Discussion
SILS was recently developed and is increasingly being used to perform various types of bariatric surgeries. Saber et al. reported the first SILS series in bariatric surgery, specifically transumbilical sleeve gastrectomies [7] . Because the surgery was performed via the transumbilical approach, the surgical scar was almost completely hidden inside the umbilicus. The main impediment to performing advanced laparoscopic surgery via the transumbilical approach is the crowding of instruments and the limited number of trocars that can be inserted in the narrow surgical field. The small degree of instrument triangulation complicates SITU laparoscopic surgery. We made a 6-cm omega-shaped incision around the upper half of the umbilicus to create a triangular opening and to increase the space available between the trocars. We found that, by using the above technique, the distance between the trocars was 4 cm, which facilitated the maneuvering of the instruments. Furthermore, owing to our novel umbilicoplasty procedure, the omega-shaped incision was rendered circular and buried within the umbilicus. Our first patient was a woman with a BMI of 35.9 kg/m 2 who underwent SITU-LRYGB [15] . Initially, we simply made the 4-cm omega-shaped incision and closed it after the laparoscopic surgery. The operation time was 2 h 55 min. After the introduction of omega umbilicoplasty, the operation time was dramatically decreased. Wound infection and suture dehiscence did not occur in this series. In two cases, we observed seroma formation because of the extensive dissection of subcutaneous fat. In order to avoid this complication, we suggest that the subcutaneous layer be approximated after fascia repair to minimize the dead space. The key aspect of the umbilicoplasty method is preserving the vascular pedicle in the 6 o'clock position and preventing ischemic changes. Therefore, we highly recommend minimal subcutaneous dissection around the umbilicus pedicle. Furthermore, we used a two-layer suture in the subcuticular layer and the skin to reduce the tension on skin healing, thus further preventing ischemia or necrosis.
With increasing improvement in and awareness of SILS, many surgeons are attempting to use this technique to perform more advanced surgeries. However, tissue retraction has to be performed by an assistant surgeon, and this is an obstacle in the development of this technique. Liver traction is critical for the feasibility and success of SILS. Sakaguchi et al. invented a device for the retraction of the liver during laparoscopic gastrectomy [16] . However, we found that their technique, which involves the dissection of the left triangular ligament of the left liver lobe, is difficult to use in morbidly obese patients because most of these patients have a hypertrophic left liver lobe. Our liver-retraction technique, which involves the use of LST, can be used to lift even massive livers in morbidly obese patients by using puncturing methods. Furthermore, if the liver is too heavy, the number of LSTs can be increased. Moreover, the time required for the placement of the LST was quite short: only 5 min 15 s (range, 1 min 41 s to 12 min). LST will also simplify laparoscopic bariatric procedures because it renders the retraction of the liver by an assistant. Furthermore, the LST could be easily removed after the completion of the laparoscopic procedure, and no hemorrhagic complications occurred after the cauterization of the liver puncture sites.
In our series, three super-obese patients were included and successfully underwent SITU-LRYGB. However, we found it very difficult to perform SITU in these super-obese patients. The BMI of our patients, including the three superobese patients, ranged from 35 to 52.3 kg/m 2 . All patients had a very short postoperative hospital stay (mean, 1.15 days), and none of them developed any major postoperative complications. In all, we performed bariatric surgery using our novel technique in 40 patients, and all procedures were successfully completed without conversion to open surgery. The instruments, including the endoscope, that we used for the bariatric procedures were very long, up to 43 cm. We believe that super obesity should not be a contraindication for SITU procedures; however, in these patients, preoperative abdominal assessment should be performed and the length of the laparoscopic instruments should be sufficient.
In our case series, no special articulating graspers, dissectors, or flexible endoscopes were needed. However, with the rapid evolution of MIS [17, 18] , these instruments may be used during SITU laparoscopic surgery in the near future. Besides, we used the same technique to successfully perform splenectomy during the same study period. Therefore, we strongly believe that our novel technique is applicable to several surgeries besides bariatric ones.
Conclusions
We successfully performed SITU laparoscopic bariatric surgery (adjustable gastric band placement, sleeve gastrectomy, and RYGB) by using LSTs and omega umbilicoplasty with conventional laparoscopic instruments. We conclude that our laparoscopic technique is safe, feasible, and reproducible.
